Background: Thyroid ultrasound is a non-invasive imaging tool and provides good evaluation of thyroid anatomy, location, vascularisation, and echogenicity. The aim of this study was to assess thyroid function and thyroid volume in extremely preterm infants born before 28 weeks' gestation evaluated at 36 weeks' corrected gestational age (CGA) compared to term infants' normative data in the literature. Design: In this largest prospective UK study of extremely premature infants born at less than 28 weeks' gestation, thyroid volume measurement was assessed at 36 weeks' CGA. Fiftyfive extremely preterm infants (28 males) who were born before 28 weeks' gestation were recruited to the study. All infants had ultrasound assessment of the thyroid gland at 36 weeks' CGA. We also prospectively measured thyroid stimulating hormone (TSH) and free thyroxine (FT 4 ) in all infants at the time of recruitment (within 5 days of birth), at days 14, 21, and 28, and at 36 weeks' CGA. Results: The mean thyroid volume was measured at 0.57 mL (SD ±0.18). There was no association between mean thyroid volume and thyroid function (TSH or FT 4 ). No associations were found between mean thyroid volume and gestation or birth weight in these infants. Conclusions: Our findings provide a reference range with a mean thyroid volume of 0.57 mL (SD ±0.18) in this extremely preterm age group if less than 28 weeks' gestation. Thyroid volume at birth can vary from country to country due to variations in iodine intake as well as gestational age.
Introduction
Neonatal thyroid ultrasonography has an important role in assessing thyroid anatomy in newborns with thyroid dysfunction. Hypothyroxinaemia of prematurity is also commonly reported among infants born prematurely and this is associated with an increased risk of disability [1] [2] [3] . Factors that may contribute to abnormal thyroid function in preterm infants include immaturity of the thyroid gland, disruption of maternal transfer of thyroid hormones through the placenta, and interaction with other enzyme systems [4] . The size of the thyroid gland is closely regulated during foetal development [5] .
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Abnormal thyroid size is often found in disease states and therefore thyroid volume was thought to correlate with thyroid gland development and thyroid function [6] . Thyroid ultrasonography and radionuclide scanning are the imaging modalities of choice in the assessment of thyroid gland in infants and children [7] . Thyroid ultrasound is non-invasive and is superior to radionuclide scanning in the assessment of normally located thyroid glands. It provides good evaluation of thyroid structure, location, vascularity, and echogenicity but may be less accurate than radionuclide scanning depending on expertise in the diagnosis of ectopic thyroid tissue [8, 9] .
Several studies in the past used ultrasound measurement of the thyroid gland to determine normal thyroid volume in infancy. The earliest study was dated in 1997 by Vade et al. [10] , which found a mean thyroid volume of 0.47 mL (standard deviation, SD ±0.14) in 68 term neonates whose gestational ages at birth were 37-41 weeks. In 1999, Tajtakova et al. [11] assessed 258 newborns (227 term and 31 preterm) and found a mean thyroid volume of 0.6 mL (SD ±0.21). In a Turkish population, Kurtoglu et al. [12] reported a mean thyroid volume of 0.4 mL (SD ±0.05) in 100 preterm infants born at gestational age of 25-28 weeks compared to 0.72 mL (SD ±0.05) in 100 term infants. The most recent study carried out by Freire et al. [13] in 2014 suggested a normal reference interval for thyroid volume of between 0.45 and 1.53 mL (mean 1.0) in 125 term neonates studied. The authors believe that thyroid volume for term infants found in previous studies cannot be comparable to premature infants because of various factors related to prematurity affecting normal thyroid development.
To the authors' knowledge, this is the second largest prospective study of thyroid volume measurement at 36 weeks' corrected gestational age (CGA) in extremely preterm infants born before 28 weeks' gestation. There have been no similar studies to date on preterm infants within a UK population. The aim of this study was to assess thyroid volume in extremely preterm infants born before 28 weeks' gestation and evaluated at 36 weeks' CGA compared to term infants' normative data in the literature.
Subjects and Method
Fifty-five extremely preterm infants (28 males) who were born before 28 weeks' gestation were recruited to the study from 5 tertiary neonatal units in the north west of the UK. All infants had ultrasound assessment of the thyroid gland at 36 weeks' CGA. The following were excluded: infants born to mothers with known thyroid disease, on antithyroid medications, or on amiodarone; infants with major congenital or chromosomal abnormalities known to affect thyroid function or brain development; and infants whose mothers died within 5 days of giving birth.
The thyroid gland was measured using a linear array transducer. The infant was positioned in a supine position, with a roll of towel placed underneath the infant's shoulder to allow the neck to be positioned slightly hyper-extended. A generous amount of coupling gel was applied to the transducer surface, which was placed midline on the neck of the infant. Images were obtained using high-frequency probes (10-15 MHz) in both transverse and longitudinal plane. All thyroid gland scans and measurements were performed by a single trained observer.
The thyroid volume of each lobe (right and left) was calculated by the formula: depth × length × width × π/6. The total volume were calculated as the sum of the volume of the right and left lobes. The isthmus was not taken into account in the volume measurement. Means and SD of the errors were calculated.
We also prospectively measured thyroid stimulating hormone (TSH) and free thyroxine (FT 4 ) in all infants at the time of recruitment (within 5 days of birth), at days 14, 21, and 28, and at 36 weeks' CGA. These were measured by solid phase 2 site chemiluminescent immunometric assay using DPC Immulite 2000. The TSH, FT 4 , and mean thyroid volume were determined at 36 weeks' gestation. Data are expressed as mean (SD) for continuous parametric outcomes, and as median and interquartile range (IQR) for non-parametric outcomes. 
Results
Demographic data are shown in Table 1 . The median gestational age at birth was 26.2 weeks (±1.2) and the mean birth weight was 893.8 g (±178.1). There were no differences in baseline characteristics between eligible infants recruited between centres. The thyroid gland was easily identified at the lower part of the neck with the appearance of a homogenous bi-lobed structure with higher echogenicity compared to the neck muscles (Fig. 1) . The thyroid lobes are bordered laterally by the common carotid arteries and the internal jugular veins, and medially by the trachea. Anterior to the lobe are the anterior muscles of the neck and posterior to the thyroid are the longus colli muscles. The oesophagus was seen with an echogenic mucosa and the trachea is visible laterally. In the neonate, the thyroid lobes appeared ovoid in transverse sections in contrast to the triangular shape noted in older infants. The mean thyroid volume was measured at 0.57 mL (SD ±0.18). Intra-observer variation was calculated to be 6% (SD ±0.35), which was based on 10 measurements taken by a single person on separate occasions in the same patient. Colloid follicles appearing as small cystic (anechoic) structures of 1-3 mm were occasionally seen within the parenchyma and sometimes contained echogenic foci, a typical finding due to the presence of microcrystals [14] . There were no abnormalities noted such as ectopia or hemiagenesis. Auxology, thyroid function (TSH, FT 4 , FT 3 ), and thyroid volume at 36 weeks' CGA are shown in Table 2 . No significant associations were found between thyroid volume and thyroid function.
Discussion
Thyroid size may be a useful marker of thyroid status and ultrasonography establishes whether or not the thyroid tissue is present in its normal position or if there is athyreosis or hemiagenesis. Determination of the presence or absence of the thyroid and structure of the gland is important for suspected cases of goitre or congenital hypothyroidism. Thyroid ultrasonography remains the most accurate diagnostic modality for determining thyroid disorders in children and serum thyroglobulin has not been established as a reliable alternative [15] . The incidence of hyperthyrotropinaemia and probable thyroid dysfunction is high in babies born prematurely [16] . The thyroid volume of extremely premature infants found in our study was not similar to that reported by publications of term infants. Thus, it is important to consider the gestational age at birth when evaluating the thyroid size. Our study is the only one of its kind from the UK and we believe that the findings could be considered as normative data for this neonatal group in the UK. However, the interpretation of this technique remains difficult in a setting where there is a lack of normative data for preterm infants within a UK population.
In Scotland, term neonates were found to have a mean thyroid gland volume of 1.63 mL (SD ±0.37), which was higher than that in other published data (summarised in Table 3 ) [8] . In Germany, 2 studies were published in term newborns, Klingmuller et al. [17] reported a mean thyroid volume of 1.1 mL (SD ±0.6), while Böhles et al. [18] reported a median thyroid volume of 0.61 mL. In Belgium, Chanoine et al. [19] reported a mean thyroid volume in term newborns of 0.84 mL (SD ±0.38), whilst Glinoer et al. [20] reported a mean thyroid volume of 1.05 mL (SD ±0.34). Vade et al. [10] reported that in USA term euthyroid neonates had a thyroid gland volume ranging between 0.47 and 1.43 mL. A recent Polish study by Mikołajczak et al. [21] reported a median thyroid volume of 0.7 mL assessed at 1 week of life in 148 term babies.
During pregnancy the maternal iodine supply may influence complex changes of maternal thyroid function, which may affect the neonatal thyroid gland [22] . In 1992, most European countries (with the exceptions of Switzerland, Austria, Great Britain, and most Scandinavian countries) were still affected by mild to moderate degrees of iodine deficiency [23] . This variation in iodine levels could reflect the maternal iodine status, which may affect thyroid volumes depending on the gestational age of the child. Table 4 shows the Global Iodine Nutrition Scorecard 2012, which found mean urine iodine excretion of 80 µg/L in the UK, which suggests deficiency of iodine intake. This may explain the relatively higher thyroid volume in our study of preterm infants and in the infants reported by Perry et al. [8] . [12] Turkey 0.40 (mean) n = 100 extremely preterm Klingmuller et al. [17] Germany 1.1 (mean) n = ? not described Glinoer et al. [20] Belgium 1.05 (mean) n = 180 term Freira et al. [13] Brazil 1.0 (mean) n = 125 term Vade et al. [10] USA 0.9 (mean) n = 68 term Chanoine et al. [19] Belgium 0.84 (mean) n = 85 term Liesenkötter et al. [24] Germany 0.7 (mean) n = 38 (received iodine) It is known that mean values and upper limits appear to differ according to iodine intake and urinary iodine. Thus, in newborns of iodine-supplemented mothers, the upper limit of thyroid gland volume in the study cohort of newborns was lower than that in reported studies with 1.4 mL (Glinoer et al. [20] ) and 1.6 mL (Liesenkötter [24] ). Turkey has been long known as an area of mild to moderate iodine deficiency according to the figures obtained from previous epidemiological studies (Table 4) . Kurtoglu et al. [25] reported that in Central Anatolia (Kayseri) of Turkey, the mean thyroid volume of term newborns was 1.26 mL (SD ±0.36). After the national salt iodisation program, the same region of Kayseri reported that the mean thyroid volume was reduced to 0.99 mL (SD ±0.79). A subsequent study by the same group reported that the median values of urinary iodine in mothers and their babies on the 5th day after delivery were 30.20 g/L (range 3.20-171.50) and 23.80 g/L (3.20-95.30), respectively, [25] , indicating that Kayseri was still an area of moderate iodine deficiency. This is the only study assessing extremely premature neonates in view of providing more insight into thyroid volume in this age group within a UK population and setting standards for thyroid function assessment in extremely premature infants. However, there are also other factors affecting thyroid gland volume measurements including geographic reasons related to iodine intake, ethnicity, and maternal factors [26] . Current normative studies to date have found different thyroid gland volumes, which underlines the importance of establishing a more accurate dataset of thyroid volumes within different populations.
In conclusion, thyroid volume at birth can vary from country to country due to variations in iodine intake as well as gestational age. Our study of extremely premature infants born in the UK before 28 weeks' gestation who had their thyroid volume measurement assessed at 36 weeks' CGA provide a reference data of 0.57 mL (SD ±0.18) in this age group compared to the reported Scottish data of a mean thyroid volume of 1.6 mL in term infants.
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